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Abstract 

Background: A cardio-ankle vascular index (CAVI) has been developed to represent the extent of arteriosclerosis 
throughout the aorta, femoral artery and tibial artery independent of blood pressure. To practically use CAVI as a 
diagnostic tool for determining the extent of arteriosclerosis, our study objectives were (1) to establish the baseline 
CAVI scores by age and gender among cardiovascular disease (CVD) risk-free persons, (2) to compare CAVI scores 
between genders to test the hypothesis that the extent of arteriosclerosis in men is greater than in women, and 
(3) to compare CAVI scores between the CVD risk-free group and the CVD high-risk group in order to test the 
hypothesis that the extent of arteriosclerosis in the CVD high-risk group is greater than in the CVD risk-free group. 

Methods: Study subjects were 32,627 urban residents 20-74 years of age who participated in CVD screening in 
Japan during 2004-2006. A new device (model VaSera VS-1000) was used to measure CAVI scores. At the time of 
screening, CVD high-risk persons were defined as those having any clinical abnormalities of CVD, and CVD risk-free 
persons were defined as those without any clinical abnormalities of CVD. Age-specific average CAVI scores were 
compared between genders and between the CVD risk-free group and the CVD high-risk group. Student's t-test 
using two independent samples was applied to a comparison of means between two groups. 

Results: Average age-specific baseline scores of CAVI in the CVD risk-free group linearly increased in both genders 
as their age increased. Average age-specific baseline scores of CAVI in the CVD risk-free group were significantly 
greater among men than among women. Average age-specific baseline scores of CAVI in the CVD risk-free group 
were significantly smaller than those in the CVD high-risk group in both genders after 40 years of age. 

Conclusions: The baseline CAVI scores from the CVD risk-free group are useful for future studies as control values. 
The CAVI method is a useful tool to screen persons with moderate to advanced levels of arteriosclerosis. 



Background 

One leading cause of premature deaths in industrialized 
nations is cardiovascular disease including coronary 
heart disease (CHD), an atherosclerosis-related disease. 
In 2005, the CHD death rates (per 100,000 persons) 
were 159.0 for US males, which was 2.3 times higher 
than for Japanese males (68.1), and 142.0 for US 
females, which was 2.7 times higher than for Japanese 
females (53.5) [1,2]. Thus, there is a great need to pre- 
vent CHD incidence as well as mortality in the US. One 
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approach is to identify persons with moderately 
advanced state of arteriosclerosis and provide recom- 
mendations for improving their lifestyle and diet. Japan 
has been taking such an approach for the past few dec- 
ades and successfully kept CHD mortality low [2] . 

One method to quantitatively estimate the extent of 
arteriosclerosis is the use of the pulse wave velocity 
(PWV). The idea on the association of PWV with arter- 
iosclerosis is traced back to an experiment using artifi- 
cial blood vessels conducted by Moens in 1878 [3]. 
Then, Bramwell and colleagues showed that PWV 
depends on the modulus of arterial volume elasticity by 
experiments in 1922-23 [3-7]. Their experimental results 
have been a basis for the development of the measure- 
ment device PWV-200 (Fukuda-Denshi Co., Tokyo) 
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which measures PWV propagating through the aorta 
(thorax, abdomen, and part of common iliac artery) 
from the aortic valve to the femoral pulsation point, as 
described by Hasegawa in 1970 [8]. Because PWV is 
highly correlated with diastolic blood pressure, Hase- 
gawa developed a nomogram showing the association 
between diastolic blood pressure and PWV. He pro- 
posed an adjustment to any measured PWV values at 80 
mmHg. As a result, such an adjustment was built into 
the PWV-200 machine. This is an important step allow- 
ing clinicians and researchers to compare PWV values 
between individuals and between populations. Namekata 
et al. conducted cardiovascular disease prevention 
screening in Seattle and found that PWV was positively 
and significantly associated with aging (> 60 years of 
age), hypertension, diabetes, the ratio of total cholesterol 
to high density lipoprotein cholesterol, ex-smokers and 
negatively and significantly with alcohol consumption 
among Japanese Americans [9]. In addition, they had 
similar findings among Japanese urban workers [10]. 

To overcome some problems associated with PWV- 
200 (i.e., technical difficulty in the method for measur- 
ing PWV), the cardio-ankle vascular index (CAVI) was 
developed as a new indicator of arteriosclerosis in 
2004 [11]. CAVI quantitatively reflects arteriosclerosis 
of the aorta, femoral and tibial arteries based on Bram- 
well-HhTs equation [3] and stiffness parameter [12] 
which is allowed to be converted from PWV propagat- 
ing from the aortic valve to ankle. Some researchers 
proposed to use CAVI scores as an indicator of athero- 
sclerosis. Nakamura et al. found a strong association of 
CAVI with the presence of severity of coronary athero- 
sclerosis based on their ordinal logistic regression ana- 
lysis [13]. Kadota et al. suggested the use of CAVI as a 
screening tool for atherosclerosis based on their find- 
ings from the general population study of 1,014 adults 
showing strong significant associations of CAVI scores 
with carotid intima-media thickness and with homo- 
cysteine after adjustment for age and sex [14], Thus, it 
is considered that CAVI scores reflect arterial stiffness, 
atherosclerosis and arteriosclerosis of which conditions 
are overlapping and inseparable. We use CAVI 
to represent the extent of arteriosclerosis in this paper 
but it is inclusive of arterial stiffness and 
atherosclerosis. 

To practically use CAVI as a diagnostic tool for deter- 
mining the extent of arteriosclerosis, our study objec- 
tives are (1) to establish the baseline CAVI scores by 
age and gender among cardiovascular disease (CVD) 
risk-free persons, (2) to compare CAVI scores between 
genders to test the hypothesis that the extent of arterio- 
sclerosis in men is greater than in women, and (3) to 
compare CAVI scores between the CVD risk-free group 
and the CVD high-risk group to test the hypothesis that 



the extent of arteriosclerosis in the CVD high-risk 
group is greater than in the CVD risk-free group. 

Methods 

Study Subjects 

Subjects for the study were recruited through the 
screening program at Japan Health Promotion Founda- 
tion which has been conducting cardiovascular disease 
and cancer screening throughout major cities of Japan. 
Subjects were company employees and their family 
members: 16,661 men and 15,966 women between 20 
and 74 years of age (see Table 1) after excluding persons 
with history of heart disease, hypertension, stroke, dia- 
betes, nephritis, and gout. The proportion of CVD risk- 
free subjects to all subjects decreases as age advances 
(both genders combined): 45.4% for 20-29 years of age, 
30.1% for 30-39 years of age, 18.7% for 40-49 years of 
age, 9.7% for 50-59 years of age, 6.9% for 60-69 years of 
age, and 3.7% (or only 36 CVD risk-free subjects out of 
979 subjects) for 70-74 years of age. 

The study was approved by the Institutional Review 
Board and all subjects gave their consent to participate 
in the study. 

Measuring Cardio-Ankle Vascular Index 

CAVI, a stiffness and arteriosclerosis indicator of thorax, 
abdomen, common iliac, femoral and tibial arteries, is 
measured by VaSera VS-1000 manufactured by Fukuda- 
Denshi Company, LTD (Tokyo, Japan), as shown in Figure 

1. This device is a new version of PWV-200. It is signifi- 
cantly improved as it achieved 3.8% of the average coeffi- 
cient of variation among five repeated measurements of 
CAVI for each of the 22 subjects [11] showing that its 
operation is less dependent on a technicians skill. Further- 
more, CAVI scores were not changed but brachial-ankle 
PWV values were significantly changed when both systolic 
and diastolic blood pressure of 12 healthy volunteer men 
was significantly changed after metoprolol (80 mg) was 
administered [15]. This suggests that CAVI is not affected 
by blood pressure at the time of measuring. 

The method to measure CAVI is illustrated in Figure 

2. A subject is placed in supine position and 

Table 1 Subjects by age and sex 



All subjects CVD risk-free subjects 



Age 


Males 


Females 


Males 


Females 


20-29 


1214 


949 


455 


526 


30-39 


4008 


3243 


877 


1307 


40-49 


3880 


4111 


421 


1077 


50-59 


4619 


5653 


306 


690 


60-69 


2319 


1654 


155 


119 


70-74 


623 


356 


25 


11 


Total 


16661 


15966 


2239 


3730 
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Figure 1 Demonstration of CAVI measurement by VaSera VS-1000. 



electrocardiogram and heart sound are monitored. PWV 
between heart and ankle is obtained by L/T where L is 
the distance from the aortic valve to the ankle, and T is 
the time during which PWV propagates from the aortic 
valve to the ankle (or the sum of tb and tba in place of 
t'b and tba, because t'b and tb are theoretically equal: 
tba is the time between the rise of the brachial pulse 
wave and the rise of the ankle pulse wave, tb is the time 
between the aortic valve's closing sound and the notch 
of the brachial pulse wave, and t'b is the time between 
the aortic valve's opening sound and the rise of the bra- 
chial pulse wave) [11]. 

The scale conversion from PWV to CAVI is per- 
formed by the following formula: 

CAVI = a{(2p/AP) x In (P s /P d ) PWV 2 } +b 



where P s and P d are systolic and diastolic blood pres- 
sure values, respectively, PWV is the pulse wave velocity 
between heart and ankle, AP is P s -Pa> p is blood density, 
and a and b are constants. This equation was derived 
from Bramwell-Hiirs equation [3] and stiffness para- 
meter [12]. Scale conversion constants are determined 
so as to match CAVI with PWV by Hasegawa's method 
[8]. All these measurements and calculations are auto- 
matically made in VaSera VS-1000. More theoretical 
details of CAVI method are available elsewhere [11]. 

Clinical Criteria for Selecting CVD Risk-Free Persons and 
CVD High-Risk Persons 

Blood was drawn from the subjects after a 12 hour-fast. 
The following measurements were made: total cholesterol 
(TC), triglycerides (TG), creatinine (Cre) by enzymatic 
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Figure 2 Illustration of CAVI measurement. 



assay; high density lipoprotein cholesterol (HDL-C) by 
modified enzymatic method; uric acid by uricase peroxides 
method, glucose by hexokinase glucose-6-phosphate dehy- 
drogenate assay, glyco-hemoglobin Ale (HbAlc) by latex 
agglutination, and white blood cells (WBC) by direct cur- 
rent detection method. To identify subjects with ischemic 
changes, outputs from electrocardiogram were classified 
by Minnesota code [16] which has been internationally 
and uniformly used in the epidemiology setting. Retinal 
photographs of the right eye were taken by non-mydriatic 
retinal camera (Canon Co., Tokyo, Japan) to identify sub- 
jects with abnormal changes in retinal arteries by using 
Scheie's classification method [17]. 

The criteria to select subjects for the CVD risk-free 
group and for the CVD high-risk group were based on 
the guidelines established by Japan Atherosclerosis 
Society and Japan Society of Hypertension [18-21]. The 
CVD risk-free persons were defined as those meeting 
the following clinical criteria at the time of screening: 

♦ blood pressure: systolic blood pressure(SBP) < 139 
mmHg and diastolic blood pressure (DBP) < 89 
mmHg; 



♦ serum lipids: TC < 219 mg/dL, HDL-C = 40-99 
mg/dL and TG < 149 mg/dL; 

♦ serum glucose: glucose < 109 mg/dL and HbAlc < 
5.8%; 

♦ renal function: creatinine: male < 1.10 mg/dL, 
female < 0.80 mg/dL and uric-acid < 7.0 mg/dL for 
both genders; 

♦ white blood cells: 3.2-8.5 x 10 3 /|iL; 

♦ electrocardiogram: excluding persons with 1-1-1 tol- 
3-6, 3-1 to 3-3, 4-1 to 4-4, 5-1 to 5-5, and 9-2; and 

♦ retinal artery changes: no arteriolar sclerotic 
change and no hypertensive change. 

The CVD high-risk persons were defined as those who 
fall in one or more following groups of clinical abnorm- 
alities at the time of screening: 

♦ borderline hypertension group: SBP:140-159 
mmHg, and/or DBP:90-99 mmHg; 

♦ hypertension group: SBP > 160 mmHg, and/or 
DBP > 100 mmHg; 

♦ abnormal lipid metabolism group: TC > 240 mg/ 
dL, TG > 250 mg/dL, and/or HDL-C < 34 mg/dL; 
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♦ borderline high-glucose group: serum glucose 110- 
125 mg/dL and/or HbAlc 5.9-6.1%; 

♦ hyperglycemia group: serum glucose > 126 mg/dL 
and/or HbAlc > 6.2%; 

♦ ischemic change group: 1-1-1 to 1-1-3 (abnormal 
Q wave), and/or 4-1 to 4-3 (ischemic change); and 

♦ arteriolar sclerotic change group: sclerotic change 
> II in Scheie's method. 



Statistics Methods 

In addition to the use of descriptive statistics, Student's 
t-test using two independent samples was applied to a 
comparison of means between two groups and p < 0.05 
was considered statistically significant. Statistical 
Packages for Social Sciences version 16 was used for 
data analysis. 

Results 

As shown in Table 1, there were 2,239 men and 3,730 
women who were free from clinical CVD abnormalities. 
Table 2 represents age-specific means and standard 
deviations of the baseline CAVI scores from the CVD 
risk-free group by age and gender. Age-specific average 
CAVI scores became higher in both genders as their age 
advanced and 0.22-0.66 of increment was added to the 
average CAVI score as the age increased to every 10 
years. 

Figure 3 shows a comparison of age-specific average 
CAVI scores between genders. It is observed that aver- 
age CAVI scores at each age-interval were significantly 
greater for men than for women with a borderline sig- 
nificance for 70-74 years of age (p = 0.071), and that 
men's CAVI scores were about 5 years ahead of 
women's between 30 and 60 years of age and even 10 
years ahead of women's after 60 years of age. 

Tables 3 and 4 show a comparison of average CAVI 
scores between the CVD risk-free group and each CVD 
high-risk group by age among men and among women, 
respectively. There were not enough cases of all CVD 

Table 2 Comparison of average cardio-ankle vascular 
index (CAVI) scores of CVD risk-free subjects by age and 
gender 

Males Females t- value p-value 



Age 


Mean 


SD 


Mean 


SD 






20-29 


6.69 


0.70 


6.57 


0.66 


2.89 


p = 0.005 


30-39 


7.12 


0.68 


6.79 


0.63 


5.23 


p < 0.001 


40-49 


7.59 


0.70 


7.29 


0.66 


7.82 


p < 0.001 


50-59 


8.07 


0.76 


7.82 


0.70 


4.97 


p < 0.001 


60-69 


8.73 


0.81 


8.26 


0.72 


4.95 


p < 0.001 


70-74 


9.35 


1.00 


8.71 


0.75 


1.88 


p = 0.071 



Note: SD indicates standard deviation. 



high-risk groups under 30 years of age for comparisons 
and of some CVD high-risk groups 30-39 years of age. 
Most average CAVI scores from each of the CVD high- 
risk groups were significantly higher than those from 
the CVD risk-free groups with one exception: the aver- 
age CAVI score (6.95) of the hypercholesterolemia and 
hypertriglyceridemia group for men 30-39 years of age 
was significantly smaller than that (7.12) of the CVD 
risk-free group for the same gender and age-bracket (p 
= 0.021). On one hand, age-specific average CAVI 
scores of the hypertension group were significantly 
greater than those of the CVD risk-free group after 30 
years of age among men but after 40 years of age 
among women. On the other hand, age-specific average 
CAVI scores of the hypercholesterolemia and hypertri- 
glyceridemia group, the hyperglycemia group, the 
ischemic changes group, and the retinal artery changes 
group were significantly greater for both men and 
women after 40 years of age compared to those of the 
CVD risk-free group with exceptions of non-significance 
in the hypercholesterolemia and hypertriglyceridemia 
group of men 70-74 years of age (p = 0.106), in the 
hyperglycemia group of women 40-49 years of age (p = 
0.093), and in the ischemic changes group and the ret- 
inal artery changes group of women 70-74 years of age 
(p = 0.052 and p = 0.071, respectively). 

Figures 4 and 5 show differences in average CAVI 
scores by age between the CVD risk-free group and all 
CVD high-risk groups combined for men and for 
women, respectively. After 40 years of age, the differ- 
ence in age-specific average CAVI scores became statis- 
tically significant between the two groups, with 
borderline significance in men 70-74 years of age (p = 
0.054), and also became wider as age advanced both for 
men and for women. 

Discussion 

As shown in Table 2, we have established the baseline 
CAVI scores based on 5,969 CVD risk-free persons 
selected out of 32,627 persons 20-74 years of age. It is 
shown that there exists a linear association between 
CAVI scores and age in both genders confirming that 
aging is an independent risk factor of atherosclerosis 
and cardiovascular disease as described in western 
[22,23] and Japanese studies [24]. Table 2 and Figure 3 
show a biological aging of major arteries among CVD 
risk-free persons. We found that age-specific average 
CAVI scores among men were significantly greater than 
among women. Such a finding is consistent with the 
fact that men have a higher risk for coronary heart dis- 
ease (of which one major risk factor is arteriosclerosis) 
than women [1,2], Based on these findings, we need to 
evaluate an individual's CAVI scores according to his/ 
her age and gender when we conduct screening. 
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CAVI score 



'Male "Female 



11 



10 



8 
7 
6 



p<0.001 




p=0.071 



20-29 30-39 40-49 50-59 60-69 70-74 

Age 

Figure 3 Differences in average CAVI scores by age between males (blue line) and females (green line) among CVD risk-free 
individuals based on results shown in Table 2 (Vertical bars indicate standard deviation ). 



As established by Framingham studies and others 
[25-27], hypertension is a risk factor of cardiovascular 
disease. Hypertension is also significantly associated 
with PWV [9,10,28]. High PWV values are found to be 
an independent predictive factor of cardiovascular dis- 
ease [29]. Since our results indicate that age-specific 
average CAVI scores in the hypertension group were 
significantly higher than those from the CVD risk-free 
group (Tables 3, 4), it is implied that hypertension is a 
risk factor of arteriosclerosis. 

The association between serum lipid levels and ather- 
osclerotic disease, namely coronary heart disease, has 
been established through the findings from several epi- 
demiological studies such as the Seven Countries Study 
[30], the Multiple Risk Factor Intervention Trial Study 
[31], and Klag et aTs follow-up study [32], Namekata et 
al. reported that abnormally high PWV was significantly 
associated with 4.5 or greater value of the ratio of total 
cholesterol to high density lipoprotein (HDL) choles- 
terol implying that abnormal lipid imbalance is a risk 
factor of arterial stiffness and arteriosclerosis [9]. Our 
results support such an association by showing that 
age-specific average CAVI scores among persons with 



hypercholesterolemia and hypertriglyceridemia of ages 
40 and over were significantly greater than those among 
CVD risk-free persons for the same age-specific groups 
(Tables 3, 4). 

Diabetes mellitus is proven to be a risk factor for car- 
diovascular disease [33,34]. It is reported that CVD risk 
among diabetics was 2-6 times higher than among non- 
diabetics and PWV values were associated with fasting 
glucose levels among diabetics [35,36]. An odds ratio for 
having abnormally high PWV among diabetics is also 
reported to be 3.66 (p < 0.001) as compared to non-dia- 
betics [9]. Our results are consistent with these findings 
by showing significantly higher average age-specific 
CAVI scores among persons with hyperglycemia after 
40 years of age than those among CVD risk-free persons 
(Tables 3, 4). 

Ischemic changes in ECG and arteriolar changes in 
retina are considered as surrogate markers of arterial 
stiffness and arteriosclerosis in the coronary arteries and 
retinal arteries, respectively. It is also shown that athero- 
sclerotic lesions in the aorta proceeds onset of CVD 
[37-39], as an increase in PWV values proceeds ischemic 
changes in ECG and arterial changes in retina appear 
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Table 3 Comparison of average CAVI scores between 



CVD risk-free group and CVD high-risk groups for males 



Age 


20-29 


30-39 40-49 50-59 




60-69 




70-75 






CVD risk-free group 










Mean 


6.69 


7.12 7.59 8.06 




8.73 




9.35 


SD 


0.70 


0.68 0.70 0.76 




0.81 




1.00 


Mean 




Hypertension group 
7.43 7.86 8.47 




9.12 




9.84 


SD 




0.86 0.87 1.01 




1.12 




1.15 


t-value 




4.24 4.75 6.51 




4.06 




2.07 


p-value 




p < 0.001 p < 0.001 p < 0.001 


p < 0.001 


P 


= 0.041 




Hypercholesterolemia & Hypertriglyceridemia group 






Mean 


- 


6.95 7.74 8.42 




8.97 




9.71 


SD 




0.84 0.86 0.95 




0.91 




0.82 


t-value 




-2.39 2.33 5.05 




2.34 




1.62 


p-value 




p = 0.021 p = 0.023 p < 0.001 


P 


= 0.022 


P 


= 0.106 


Mean 




Hyperglycemia group 
7.25 7.76 8.68 




9.41 




10.01 


SD 




0.88 0.82 0.98 




1.65 




1.40 


t-value 




1.14 2.31 8.80 




6.94 




2.19 


p-value 




p = 0.123 p = 0.034 p < 0.001 
Ischemic changes group 


P 


< 0.001 


P 


= 0.042 


Mean 




7.81 8.79 




9.29 




9.97 


SD 




0.70 1.12 




0.87 




1.31 


t-value 




2.29 8.36 




5.43 




2.14 


p-value 




p = 0.033 p < 0.001 


P 


< 0.001 


P 


= 0.043 


Mean 




Retinal artery changes group 
8.09 8.77 




9.16 




9.97 


SD 




0.77 1 .25 




1.10 




1.14 


t-value 




2.60 6.69 




3.77 




2.38 


p-value 




p = 0.014 p < 0.001 


P 


< 0.001 


P 


= 0.022 


Mean 


6.39 


All high-risk groups combined 
7.18 7.79 8.49 


9.12 




9.80 


SD 


0.69 


0.85 0.85 0.98 




1.05 




1.14 


t-value 


-1.87 


1.26 3.96 7.20 




4.48 




1.93 


p-value 


P = 
0.061 


p = 0.209 p < 0.001 p < 0.001 


P 


< 0.001 


P 


= 0.054 



Note: SD is standard deviation and - indicates that the number of cases was 
too small to obtain any meaningful results. 



[40]. We have shown that the age-specific average CAVI 
scores of the ischemic changes group and of the retinal 
artery changes group were significantly greater than 
those of the CVD risk-free group (Tables 3, 4). This 
implies that CAVI scores reflect the extent of arterio- 
sclerotic changes not only in medium-size and large-size 
arteries but also in small-size arteries. 

We have shown that age- specific average CAVI scores 
of all CVD high-risk persons combined were signifi- 
cantly higher than those of the CVD risk-free group 
after 40 years of age (Tables 3, 4), indicating that the 
overall arteriosclerosis status of the CVD high-risk 
group was significantly worse than that of the CVD 
risk-free group. Because no difference in average CAVI 



Table 4 Comparison of average CAVI scores between 
CVD risk-free group and CVD high-risk groups for 
females 



Age 


20-29 




30-39 40-49 50-59 


60-69 




70-75 








CVD risk-free group 










Mean 


6.57 




6.97 7.29 7.82 




8.26 




8.71 


SD 


0.66 




0.63 0.66 0.70 
Hypertension group 




0.72 




0.74 


Mean 






7.02 7.73 8.16 




8.89 




9.46 


SD 






0.74 1.02 0.84 




0.96 




1.02 


t-value 






0.40 6.85 8.22 




6.44 




2.38 


p-value 




P 


= 0.346 p < 0.001 p < 0.001 


p < 0.001 


P 


= 0.023 




Hypercholesterolemia & Hypertriglyceridemia group 






Mean 






6.97 7.68 8.00 




8.77 




9.26 


SD 






0.78 1.21 0.78 




0.90 




0.74 


t-value 






-0.03 4.12 3.82 




5.06 




2.28 


p-value 




P 


= 0.914 p < 0.001 p < 0.001 
Hyperglycemia group 


p < 


0.001 


P 


= 0.034 


Mean 






7.47 8.16 




9.09 




9.77 


SD 






0.86 0.74 




1.04 




0.79 


t-value 






1.74 5.23 




6.57 




3.69 


p-value 






p = 0.093 p < 0.001 


p < 


0.001 


P 


< 0.001 


Mean 






Ischemic changes group 
7.49 8.10 




8.75 




9.39 


SD 






0.82 0.82 




0.88 




1.02 


t-value 






2.95 5.71 




4.69 




2.07 


p-value 






p = 0.004 p < 0.001 
Retinal artery changes group 


p < 


0.001 


P 


= 0.052 


Mean 






8.03 8.34 




9.36 




9.32 


SD 






0.89 0.86 




1.11 




0.87 


t-value 






3.97 5.24 




7.37 




1.92 


p-value 






p < 0.001 p < 0.001 


p < 


0.001 


P 


= 0.071 








All high-risk groups combined 








Mean 


6.88 




6.93 7.58 8.12 




8.81 




9.34 


SD 


0.42 




0.76 0.91 0.81 




0.96 




0.99 


t-value 


1.48 




-0.56 6.25 8.05 




5.96 




2.09 


p-value 


P = 
0.138 


P 


= 0.578 p < 0.001 p < 0.001 


p < 


0.001 


P 


= 0.038 



Note: SD is standard deviation and - indicates that the number of cases was 
too small to obtain any meaningful results. 



scores between the two groups was detected before 40 
years of age, effective CAVI screening might be recom- 
mended for people age 40 and over. 

With regard to the validity to use CAVI scores as an 
indicator of arteriosclerosis, Otsuka examined 72 
deceased patients' ante-mortem PWV (which is a basis 
for deriving CAVI scores) and pathological changes 
measured by the diffuse fibrotic thickening, formation of 
atheroma and calcification in the wall of their aorta. He 
reported multiple regression coefficient R = 0.810 
between PWV and scores of those pathological changes 
[41], In addition, other researchers reported that CAVI 
scores were significantly associated with coronary 
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Age 

Figure 4 Differences in average CAVI scores by age between the CVD risk-free group (blue line) and the CVD high-risk group (green 
line) for males based on results shown in Table 3 (Vertical bars indicate standard deviation.) 



atherosclerosis [13], with carotid intima- media thickness 
and with homocysteine [14]. Thus, the use of CAVI 
scores derived from PWV values is valid to estimate the 
extent of arteriosclerosis. 

VaSera VS-1000, which was used in our study, was 
designed to measure CAVI scores independent of blood 
pressure and CAVI scores represent the extent of arter- 
iosclerosis between the aortic valve and the ankle. We 
have shown biological aging of the major artery by mea- 
suring CAVI scores in the CVD risk-free group and dis- 
ease-related pathological aging of the major artery in the 
CVD high-risk group. CAVI scores allow us to evaluate 
the extent of arteriosclerosis in the major arteries 
between the aortic valve and the ankle, to screen per- 
sons with subclinical stage of CVD, and provide an 
opportunity to modify diet and lifestyle to improve 
CAVI scores as reported by Satoh et al [42]. Thus, the 



use of CAVI scores potentially leads to savings on high 
treatment costs and to prolonging many productive 
lives. 

There are some limitations in our study. First, the 
study design was cross-sectional and results were based 
on our observations at the time of screening. Secondly, 
our data did not include behavioral and lifestyle factors, 
although we consider that effects of such factors were 
reflected on clinical measurements related to CVD 
which we included. Currently we are examining the 
association between CAVI scores and lifestyle factors 
such as smoking, alcohol consumption, and body mass 
index, and will report results in the near future. 

Conclusions 

Our results imply that advancement of arteriosclerosis 
among men is greater in every age group than among 
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Figure 5 Differences in average CAVI scores by age between the CVD risk-free group (blue line) and the CVD high-risk group (green 
line) for females based on results shown in Table 4 (Vertical bars indicate standard deviation.) 



women. It is also implied that arteriosclerosis of the 
CVD high-risk group advances faster than that of the 
CVD risk-free group after 40 years of age. The baseline 
CAVI scores from the CVD risk-free group are useful 
for future studies as control values. The CAVI method 
is a useful tool to screen persons with moderate to 
advanced levels of arteriosclerosis. 

Acknowledgements 

The authors express their great appreciation to Ms. Mitsuko Nakata for her 
assistance in preparation of the manuscript. The reported work was partially 
supported by the grants from Smoking Research Foundation and Japan 
Health Promotion Foundation. 

Author details 

1 Pacific Rim Disease Prevention Center, P.O.Box 25444, Seattle, WA 98165- 
2344, USA. department of Health Services, School of Public Health, 
University of Washington, Box 357660, Seattle, WA 98195-7660, USA. 3 Japan 
Health Promotion Foundation, 1-24-4 Ebisu, Shibuya-ku, Tokyo, Japan, 
department of Internal Medicine, Sakura Hospital Medical Center, Toho 
University, 546-1 Shizu, Sakura-shi, Chiba Prefecture, Japan. 



Authors' contributions 

TN, KS and KS conceived and designed the study. KS and Nl acquired the 
data. TN and KS performed statistical analyses. TN and KS drafted the 
manuscript, all other authors revised critically and approved the final 
manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 6 April 201 1 Accepted: 10 August 201 1 
Published: 10 August 2011 

References 

1. Kung HC, Hoyert DL, Xu J, Murphy SL: Deaths: final data for 2005, Table 
14. National Vital Stat Rep 2008, 56:52-56. 

2. Japan Health and Welfare Statistics Association: Trend of Nation's Health 
(Kokumin eisei no doukou). J Health & Welfare Statistics 2007, 54:412-413. 

3. Bramwell JC, Hill AV: The velocity of the pulse wave in man. Proc Roy Soc 
of London Series B 1922, 93:298-306. 

4. Bramwell JC, Hill AV: Velocity of transmission of the pulse wave and 
elasticity of arteries. Lancet 1922, 202:891-892. 

5. Bramwell JC, Hill AV, McSwiney BA: Velocity of transmission of the pulse 
wave in man as related to age as measured by the hot-wire 
sphygmograph. Heart 1923, 10:233-249. 



Namekata et al. BMC Cardiovascular Disorders 201 1, 11:51 
http://www.biomedcentral.eom/1 471-2261/1 1 1S 1 



Page 10 of 10 



6. Bramwell JC, McDowall RJS, McSwiney BA: The variation of the arterial 
elasticity with blood pressure in man. Proc Roy Soc of London Series B 
1 923, 94:450-454. 

7. Bramwell JC, Dowing AC, Hill AV: The effect of blood pressure on the 
extensibility of the human artery. Heart 1923, 10:289-300. 

8. Hasegawa M: Fundamental research on human aortic pulse wave 
velocity. Jikei Medical Journal 1 970, 85:742-760. 

9. Namekata T, Moore D, Suzuki K, Mori M, Hatano S, Hayashi C, Abe N, 
Hasegawa M: A study of the association between the aortic pulse wave 
velocity and atherosclerotic risk factors among Japanese Americans in 
Seattle, U.S.A. Jpn J Pub Health 1997, 44:942-951. 

10. Namekata T, Suzuki K, Arai C: Seattle Nikkei health study: Cross cultural 
surveys between Seattle and Japan. In New Trends in Psychometrics. Edited 
by: Shigematsu K, Okada A, Imaizumi T, Hoshino T. Tokyo, Universal 
Academy Press, Inc; 2008:339-346. 

11. Shirai K, Utino J, Otsuka K, Takata M: A novel blood pressure-independent 
arterial wall stiffness parameter; cardio-ankle vascular index (CAVI). J 
Atherosclerosis Thrombosis 2006, 13:101-107. 

12. Hayashi G, Sato M, Niimi H, Handa H, Moritake K, Okumura A: Analysis of 
vascular wall constitutive law with finite deformation theory. Medical 
Electronics & Biological Engineering 1 975, 1 3:293-297. 

13. Nakamura K, Tomaru T, Yamamura S, Miyashita Y, Shirai K, Noike H: Cardio- 
ankle vascular index is a candidate predictor of coronary atherosclerosis. 
Circ J 2008, 72:598-604. 

14. Kadota K, Takamura N, Aoyagi K, Yamasaki H, Usa T, Nakazato M, Maeda T, 
Wada M, Nakashima K, Abe K, Takeshima F, Ozono Y: Availability of cardio- 
ankle vascular index (CAVI) as a screening tool for atherosclerosis. Circ J 
2008, 72:304-308. 

15. Shirai K, Song M, Suzuki J, Kurosu T, Oyama T, Nagayama D, Miyashita Y, 
Yamamura S, Takahashi M: Contradictory effects of (31- and a1- 
aderenergic receptor blocker on cardio-ankle vascular stiffness index 
(CAVI): CAVI is independent of blood pressure. J Atheroscler Thromb 201 1, 

18:49-55. 

16. Rose GA, Blackburn H, Gillum RF, Prineas RV, (eds.): Cardiovascular Survey 
Methods WHO Monograph Series No.56. Geneva, World Health 
Organization; 1982. 

17. Scheie HG: Evaluation of ophthalmic changes of hypertension and 
arteriolar sclerosis. Arch Ophthalmology 1953, 49:117-138. 

18. Japan Atherosclerosis Society: Guidelines for Diagnosis and Treatment of 
Atherosclerotic Disease for 2002 Tokyo, Japan Atherosclerosis Society; 2002. 

19. Japan Diabetes Society: Guideline for Treatment of Diabetes for 2004-2005 
Tokyo, Bunkodo Publishing Co.; 2005. 

20. Japan Society of Hypertension: Guidelines for Treatment of Hypertension for 
2004 Tokyo, Japan Society of Hypertension; 2005. 

21. Noriyuki N, Mitsuru S, Kokoro S, Kazue N, Shigeki M, Toshio T, Kenji S, 
Kozo T: Associations between white blood cell count and features of the 
metabolic syndrome in Japanese male office workers. Industrial Health 
2002, 40:273-277. 

22. Wilson PW, D'Agostino RB, Levy D, Belanger AM, Sibershatz H, Kannel WB: 
Prediction of coronary heart disease using risk factor categories. 
Circulation 1998, 97:1837-1847. 

23. Denke MA, Grundy SM: Hypercholesterolemia in elderly persons: 
resolving the treatment dilemma. Ann Intern Med 1990, 112:780-792. 

24. Kodama K, Sasaki H, Shimizu Y: Trend of coronary heart disease and its 
relationship to risk factors in a Japanese population: a 26-year follow-up, 
Hiroshima/Nagasaki study. Jpn Circ J 1990, 54:414-421. 

25. Kannel WB: Fifty years of Framingham Study contributions to 
understanding hypertension. J Hum Hypertens 2000, 14:83-90. 

26. Stamler J, Stamler R, Neaton JD: Blood pressure, systolic and diastolic, and 
cardiovascular risks. US population data. Arch Intern Med 1993, 
153:598-615. 

27. MacMahon S, Peto R, Cutler J, Collins R, Sorlie P, Neaton J, Abbott R, 
Godwin J, Dyer A, Stamler J: Blood pressure, stroke, and coronary heart 
disease: part 1, prolonged differences in blood pressure: prospective 
observational studies corrected for the regression dilution bias. Lancet 
1990, 335:765-774. 

28. Taquet A, Bonithon-Kopp C, Simon A, Levenson J, Scarabin Y, Malmejac A, 
Ducimetiere P, Guize K: Relations of cardiovascular risk factors to aortic 
pulse wave velocity in a symptomatic middle-aged women. Eur J 

Epidemiol 1993, 9:298-306. 



29. Bracher J, Asmar R, Djame S, London GM, Safar ME: Aortic pulse wave 
velocity as a marker of cardiovascular risk in hypertensive patients. 
Hypertension 1 999, 33:1 1 1 1 -1 1 1 7. 

30. Verschuren WMM, Jacob DR, Bloenberg BPM, Kromhout D, Menotti A, 
Aravanis C, Blackburn H, Buzina R, Dontas AS, Fidanza F, Karvonen MJ, 
Neoeljkovic S, Nissinen A, Toshima H: Serum total cholesterol and long- 
term coronary heart disease mortality in different cultures: twenty-five 
year follow-up of the Seven Countries Study. JAMA 1995, 274:131-136. 

31. Martin MJ, Hulley SB, Browner WS, Kuller LH, Wentworth D: Serum 
cholesterol, blood pressure, and mortality: implications from a cohort of 
361,622 men. Lancet 1986, 2:933-936. 

32. Klag MJ, Ford DE, Mead LA, He J, Whelton PK, Liang K, Levine DM: Serum 
cholesterol in young men and subsequent cardiovascular disease. N Engl 
J Med 1993, 328:313-318. 

33. Assmann G, Schulte H: The Prospective Cardiovascular Munster 
(PROCAM) study: prevalence of hyperlipidemia in persons with 
hypertension and/or diabetes mellitus and the relationship to coronary 
heart disease. Am Heart J 1988, 116:1713-1724. 

34. Stamler J, Vaccaro O, Neaton JD, Wentworth D: Diabetes, other risk 
factors, and 12-year cardiovascular mortality for men screened in the 
Multiple Risk Factor Intervention Trial. Diabetes Care 1993, 16:434-444. 

35. Lax H, Feinberg AW: Abnormalities of the arterial pulse wave in young 
subjects. Circulation 1959, 20:1 106-1 110. 

36. Christensen T, Neubauer B: Arterial wall stiffness in insulin-dependent 
diabetes mellitus. An in vivo study. Acta Radiol 1987, 28:207-208. 

37. Bjurulf P: Atherosclerosis in different parts of the arterial system. Am 
Heart J 1 964, 68:41-50. 

38. Scott RF, Daoud AS, Wortman B, Morrison ES, Jarmolych J: Proliferation and 
necrosis in coronary and cerebral arteries. J Atheroscler Res 1966, 
6:499-509. 

39. Kagan AR, Uemura K: Atherosclerosis of the aorta and coronary arteries 
in five towns. Material and methods. Bull WHO 1976, 53:489-499. 

40. Suzuki K, Mori M, Abe N, Arai C, Ooyama T: Epidemiological Studies of 
Arteriosclerosis (1):Association of aortic pulse wave velocity with 
hypertension, arteriolar sclerotic changes in the retina, and ischemic 
ECG changes. J Jpn Atheroscler Soc 1996, 23:715-720. 

41. Otsuka F: A study of the relationship between pulse wave velocity of 
human aorta and its postmortem histopathology. Tokyo Jikei Medical 
College Journal 1973, 88:11-16. 

42. Satoh N, Shimatsu A, Kato Y, Araki R, Koyama K, Okajima T, Tanabe M, 
Ooishi M, Kotani K, Ogawa Y: Evaluation of the cardio-ankle vascular 
index, a new indicator of arterial stiffness independent of blood 
pressure, in obesity and metabolic syndrome. Hypertens res 2008, 
31(l0):1921-30. 

Pre-publication history 

The pre-publication history for this paper can be accessed here: 
http://www.biomedcentral.eom/1 471 -2261/1 1 /5 1 /prepub 



doi:10.1 186/1 471 -2261 -1 1 -51 

Cite this article as: Namekata et al:. Establishing baseline criteria of 
cardio-ankle vascular index as a new indicator of arteriosclerosis: a 
cross-sectional study. BMC Cardiovascular Disorders 201 1 1 1:51. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



